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EXTRUSION OF POLYMERS 



This invention relates to apparatus and methods for extruding polymer 
compositions. 

5 

Polymeric compositions are often shaped by melt extrusion. A conveying 
means conveys the molten polymeric composition as a continuous stream under 
pressure to an extrusion orifice, and forces it through the orifice to form an extrudate 
of desired shape. In many cases, the composition is fed as a solid to a conveying 

10 means which melts the composition through a combination of shearing and external 
heating. Well known conveying means include single screw and twin screw 
extruders. Unfortunately, conventional conveying means often fail to deliver the 
molten composition to the extrusion orifice at a constant rate, as a result of pressure 
variations within the conveying means, particularly when the composition has high 

15 viscosity. This results in an extrudate of variable quality. It is well known to mitigate 
this problem by placing a gear pump (alternatively known as a melt pump) between 
the conveying means and the extrusion orifice. The gear pump helps to deliver a 
substantially constant volume of molten polymeric composition to the extrusion 
orifice, and in consequence to produce an extrudate of improved quality. However, 

20 the gear pump must be correctly sized and the pressure variations must be small 
enough to ensure that the gear pump is neither starved nor overfed. 

We have found that the problems outlined above are particularly serious when 
conductive polymers are melt extruded. The term "conductive polymer" is used 

25 herein to denote a composition which comprises a polymeric component and, 

dispersed therein, a particulate conductive filler, e.g. carbon black, graphite, a metal, a 
conductive ceramic, or a metal carbide or nitride. Particularly when the conductive 
polymer contains a high concentration of particulate filler (which may be only the 
conductive filler or a mixture of conductive and non-conductive fillers), pressure 

30 variations during the extrusion process can cause undesirable variation in the electrical 
properties of the extrudate, even when a gear pump is placed between the conveying 
means and the extrusion orifice. 



We have discovered, in accordance with the present invention, that when a 
35 gear pump is used in combination with a conveying means and an extrusion orifice (as 
outlined above) greatly improved results can be obtained through the use of a polymer 
relief means, which, when the pressure in the gear pump exceeds a selected level, 
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bleeds molten polymer from the system, and thus ensures that the gear pump is not 
overfed (and, therefore, continues to deliver a constant volume of molten polymeric 
composition to the extrusion orifice). 

5 The present invention is particularly suitable for use in the extrusion of 

conductive polymers and will be chiefly described by reference to such use. 
However, it is to be understood that the invention can also be used in the extrusion of 
other polymeric compositions, and that the information given herein for conductive 
polymers is applicable to other polymeric compositions (with, if appropriate, 

10 modifications which will be apparent to those skilled in the extrusion of polymers 
having regard to their own knowledge and the information herein). 

In one preferred aspect, the present invention provides a apparatus for producing 
a melt-extruded article composed of a polymeric composition, preferably a conductive 
1 5 polymer, the apparatus comprising 

(1 ) conveying means for conveying a molten polymeric composition under 
pressure; 

(2) a passageway; 

(3) a gear pump; 

20 (4) an extrusion orifice; and 

(5) a polymer relief means 
the components (1), (2), (3) and (4) being arranged so that molten polymeric 
composition conveyed by the conveying means passes in a continuous stream 
sequentially through the conveying means, the passageway, the first gear pump and 

25 the extrusion orifice; and 

the polymer relief means being associated with the first gear pump so that, if the 
pressure in the first gear pump exceeds a first selected level, the polymer relief means 
removes molten polymeric composition from the continuous stream thereof until the 
30 pressure in the first gear pump falls below a second selected level. The second 

selected level is equal to or lower than the first selected level, and is sufficiently high 
to ensure that the removal of the molten polymeric composition does not reduce the 
pressure to a level which results in the melt pump being starved. 



35 



As discussed below, the polymer relief means is preferably a gear pump, and 
for this reason the gear pump (3) is often referred to herein as the "first" gear pump, 



4 
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even though it is the only gear pump when the polymer relief means is a component 
other than a gear pump. 

In a second preferred aspect, the present invention provides a method of making 
5 an article composed of a molten polymeric composition, preferably a conductive 
polymer, the method comprising the steps of 

(A) conveying a continuous stream of a molten polymeric composition under 
pressure to a gear pump; 

(B) operating the gear pump so that the molten polymeric composition 

JO conveyed to the gear pump in step (A) passes through the gear pump to an 

extrusion orifice and is extruded through the orifice; and 

(C) when the pressure within the gear pump exceeds a selected level, removing 
molten polymeric composition from the continuous stream thereof. 

15 This invention is particularly useful when (a) the molten polymeric 

composition is of high viscosity (since this tends to increase the pressure variations in 
the extruder or other conveying means); and/or (b) the product is adversely affected 
by pressure variations during the extrusion process, e.g. if it has at least one 
dimension which is very small, or if it has electrical or other properties which are 

20 dependent on the shear which has been exerted on the composition during extrusion; 
and/or (c) the extruder (or other conveying means) is of a type which inherently tends 
to produce pressure variations. Thus, preferred processes of the invention have one or 
more of the following features:— 

(a) The polymeric composition 

25 (i) comprises a polymer having a melting point T^^'C; 

(ii) has a viscosity of 2 to 15 K.Pa.sec, particularly 8 to 1 1 K.Pa.sec, at 
a shear rate of 50 sec-' at a temperature of 1 .5 times and 

(iii) is extruded at a temperature of not more than 1 .5 times T^. 

Such a composition can contain, for example, at least 35% by volume of one or 
30 more particulate fillers, preferably at least 40% by volume of a conductive filler, 

e.g. carbon black. 

(b) (i) The polymeric composition is a conductive polymer exhibiting PTC 

behavior, particularly such a composition having a resistivity less than 10 
ohm-cm, particularly less than I ohm-cm, 
35 {b)(ii) The polymeric composition is extruded as a sheet having a thickness less 

than 0.010 inch (0.25 mm), e.g. 0.005 inch (0.13 mm) or less; or is 
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extruded as a strand or sheet which has a thickness greater than 0.01 0 inch 
(0,25 mm) and is then calendered to a sheet having a thickness less than 
0.010 inch (0.25 mm), e.g. 0.005 inch (0.13 mm), 
(c) The polymer conveying means is (i) a reciprocating single screw extruder, 
5 or (ii) a non-reciprocating screw extruder having a relatively short length 

to diameter (l/d) ratio, e.g. less than 1 5 : 1 , for example 8: 1 to 1 5 : 1 . . 



As noted above, the polymer relief means is preferably a second gear pump, 
but it can be any component which will permit the polymeric composition to escape 

10 from the system when the pressure becomes excessive and will prevent it from doing 
so when the pressure has dropped to the desired level. Suitable components include 
gear pumps, pressure relief valves, and suitable reclosable orifices. When, as is 
preferred, a second gear pump is used as the polymer relief means, it can be 
substantially smaller than the first gear pump. Thus, it is preferred that the ratio of the 

15 maximum capacity of the first gear pump to the maximum capacity of the second gear 
pump is 5:1 to 50:1, e.g. 15:1 to 25:1. Preferably, the operation of the second gear 
pump (or other polymer relief means) is controlled by a control system which 
continuously monitors the pressure exerted on the polymeric composition and 
operates the second gear pump in response to that pressure. The control system can 

20 monitor the pressure in the first gear pump directly or it can monitor pressure at some 
other part of the system where the pressure is representative of the pressure in the first 
gear pump, e.g. in the passageway between the conveying means and the first gear 
pump, 

25 In order for the first gear pump to deliver a constant volume of molten 

polymeric composition to the extrusion orifice, the pressure within the gear pump 
should be between a lower value, P|owcr» ^ upper value. Puppet The first selected 
level, P, (above which the polymer relief means removes molten polymer), should be 
less than Pupp^n preferably 0.25 to 0.9 times Pupper- The second selected level, Pj 

30 (below which the polymer relief means does not remove molten polymer) is (a) equal 
to or less than P,, preferably from 0.4 to 1.0 times P,, and (b) greater than Pjo^cr' 
preferably 1.2 to 1 .6 times Piowcr of the advantages of the present invention is 
that because the polymer relief means ensures that pressure peaks in the extruder are 
not transmitted to the extrusion orifice, it is possible to operate at higher rates of 

35 extrusion than would be possible if the pressure peaks had to be below Pupper fo"" the 
first gear pump. 
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This invention is particularly suitable for melt extruding conductive polymers 
of the kind used in circuit protection devices, i.e. PTC compositions which comprise a 
crystalline polymer, e.g. polyethylene or polyvinylidene fluoride, and a conductive 
5 particulate filler, preferably carbon black, in amount sufficient to reduce the room 
temperature resistivity to a low level, e.g. less than 5 ohm-cm. 

Suitable conductive polymer compositions are disclosed in U.S. Patent Nos. 
4,237,441, 4,388,607,4,534,889, 4,545,926, 4,560,498, 4,591,700, 4,724,417, 
10 4,774,024 , 4,935,156, 5,049,850, and 5,250,228, 5,378,407, 5,451,919, 5,582,770 
and 5,747,147 and International Publication No. WO 96/2971 1. 



The conductive polymer can be fed to the conveying means in any appropriate 
way, including 

1 5 (a) in the form of a solid, e.g. pellets, prepared by a previous melt mixing 

process in which the conductive filler is dispersed in the polymer 
component; or 

(b) in the form of a dry blend of the polymeric component and the conductive 
filler, in which case the conveying means must be one which will melt-mix 

20 these ingredients, as well as convey them to the first gear pump; or 

(c) in the form of a molten dispersion of the conductive filler in the polymer 
component, prepared for example in an internal batch mixer. 

For example, the present invention can be used to modify a process of the type 
disclosed in International Patent Publication No. WO 98/05503. That process 
25 comprises making a conductive polymer laminate by 

(A) loading a dry blend of the polymeric component and the conductive filler 
into a mixing apparatus; 

(B) mixing the polymeric component and the conductive filler in the mixing 
apparatus to form a molten mixture; 

30 (C) transporting the molten mixture from the mixing apparatus through a die; 

(D) forming the molten mixture into a polymeric sheet; and 

(E) attaching metal foil to at least one side of the sheet to form a laminate, 
steps (A) to (E) being conducted sequentially in a single continuous procedure. 



In the present invention, the molten conductive polymer must pass through the 
apparatus as a continuous stream, but the duration of the process can be short or long. 
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For example, when the conductive polymer is first prepared in an internal batch mixer 
and is then added as a molten mixture to the conveying means, the process may last 
for only a few minutes while the batch is processed. 

5 Referring now to the drawing, this illustrates a single screw extruder 1, a 

pjissageway 2, a first gear pump 3, an extrusion head 4 having a nozzle orifice 41, and 
a second gear pump 5 having an exit 51. Pressure control system 8 monitors the 
pressure at jimction of passageway 2 and first gear pump 3, and controls the operation 
of the second gear pump 5 in response to that pressure. Pellets of conductive polymer 

10 are fed from hopper 7 into extruder 1, which melts the conductive polymer and 
conveys it as a continuous stream under pressure through passageway 2 to the first 
gear pump 3. The first gear pump forces the molten conductive polymer through the 
extrusion orifice 41. The extrudate is calendered into a sheet by rollers 6. If the 
pressure observed by control system 8 exceeds a first preselected level, the control 

15 system switches on the second gear pump 5 so that molten conductive polymer is 
removed from the passageway 2 and discharged through exit 51. When the pressure 
observed by the control system 8 has dropped to a second selected level, it switches 
off the second gear pump 5. 
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CLAIMS 

1 . Apparatus for producing a melt-extruded article composed of a conductive 
polymer, the apparatus comprising 

(1 ) conveying means for conveying a molten conductive polymer under 
pressure; 

(2) a passageway; 

(3) a first gear pump; 

(4) an extrusion orifice; and 

(5) a polymer relief means 

the components (1), (2), (3) and (4) being arranged so that molten conductive polymer 
conveyed by the conveying means passes in a continuous stream sequentially through 
the conveying means, the passageway, the first gear pump and the extrusion orifice; 
and 

the polymer relief means being associated with the first gear pump so that, if the 
pressure in the first gear pump exceeds a selected level, the polymer relief means 
removes molten conductive polymer from the continuous stream thereof until the 
pressure in the first gear pump falls below a second selected level. 

2. Apparatus according to claim 1 wherein the polymer relief means is a second 
gear pump which, when it is operating, removes molten conductive polymer from the 
passageway. 

3 . Apparatus according to claim 2 wherein the ratio of the maximum capacity of 
the first gear pump to the maximum capacity of the second gear pump is 5: 1 to 50: 1 . 

4. Apparatus according to claim 2 or 3 wherein the conveying means comprises a 
single screw extruder or a twin screw extruder. 

5. Apparatus according to claim 2 or 3 wherein the conveying means comprises a 
reciprocating single screw extruder. 

6. Apparatus according to claim 2 or 3 wherein the conveying means is a non- 
reciprocating screw extruder having an 1/d ratio of 8:1 to 15:1. 
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7. Apparatus according to any one of claims 2 to 6 wherein the extrusion orifice is 
a nozzle die. 

8. Apparatus according to any one of claims 2 to 7 which includes a control system 
which continuously monitors the pressure exerted on the conductive polymer in the 
first gear pump and operates the second gear pump in response to that pressure. 

9. A method of making an article composed of a conductive polymer, the method 
comprising the steps of 

(A) conveying a continuous stream of a molten conductive polymer under 
pressure to a first gear pump; 

(B) operating the first gear pump so that the molten conductive polymer 
conveyed to the first gear pump in step (A) passes through the first gear 
pump to an extrusion orifice and is extruded through the orifice; and 

(C) when the pressure within the first gear pump exceeds a selected level, 
removing molten conductive polymer from the continuous stream thereof. 

10. A method according to claim 9 wherein in step (C) the molten conductive 
polymer is removed by means of a second gear pump. 

11. A method according to claim 1 0 wherein the conductive polymer 

(i) comprises a polymer having a melting point T^°C; 

(ii) has a viscosity of 2 to 1 5 K.Pa.sec at a shear rate of 50 sec-' and at a 
temperature of 1 .5 times T„; and 

(iii) is extruded at a temperature of not more than 1.5 times T^. 

12. A method according to claim 1 1 wherein the molten conductive polymer has a 
viscosity of 8 to 1 1 K.Pa.sec. at a shear rate of 50 sec' and at a temperature of 1 .5 
times Tn^. 

13. A method according to any one of claims 10 to 12 wherein the conductive 
polymer contains at least 35% by volume of at least one particulate filler. 

14. A method according to any one of claims 1 0 to 1 2 wherein the conductive 
polymer exhibits PTC behavior and contains at least 40% by volume of carbon black. 
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15. A method according to any one of claims 1 0 to 14 wherein the extrusion orifice 
is a nozzle die, and the extrudate is calendered into a sheet. 

16. A method according to any one of claims 1 0 to 15 wherein the extrusion orifice 
5 is a sheet die having a gap of at most 0. 1 3 vam (0.005 in). 

17. A method according to claim 9 which is carried out using apparatus as claimed 
in any of claims 1 to 8, 

10 18. A conductive polymer article prepared by a method as claimed in any of cl^ms 
9tol7. 
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